J. Space Technol. Appl. 3(1), 26-43 (2023)
https://doi.org/10.52912/jsta.2023.3.1.26

x4t 88
Journal of Space Technology and Applications
pISSN 2765-7469  elSSN 2799-3213

2 R=E

Check for
updates

Received: December 13, 2022
Revised: December 30, 2022
Accepted: January 8, 2023

TCorresponding author :
YuYi
Tel : +82-42-821-5468
E-mail : euyiyu@cnu.ac.kr

Copyright © 2023 The Korean Space Science
Society. This is an Open Access article
distributed under the terms of the Creative
Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use,

distribution, and reproduction in any medium,
provided the original work is properly cited.

ORCID

lk-Seon Hong
https://orcid.org/0000-0002-4529-8002
YuYi
https://orcid.org/0000-0001-9348-454X
Jingeun Rhee
https://orcid.org/0000-0002-0352-039X
Nam-Seok Lee
https://orcid.org/0000-0001-5386-9955
Sung Won Kang
https://orcid.org/0000-0001-5529-688X
Seontae Kim
https://orcid.org/0000-0002-3268-4924
Kyu-Ha Jang
https://orcid.org/0000-0002-6118-8612
Cheong Rim Choi
https://orcid.org/0000-0001-9363-4667
Kyoung Wook Min
https://orcid.org/0000-0002-1394-9341
Jongil Jung
https://orcid.org/0000-0003-1623-1033

= 1 1,2 3 3 (o]} 3 =4 = 5

EOA, 0] Q171 0TI, O[AP, LA, PNEF, Y, HIE,
©6 xq4z=O0l1

0142, HE3d

TEHen 9% - XYt

2SS HE QXIS

(Z)gel0olA

RERNEREE

sERrjen M2

Scientific Achievements and Technology Trends of Mass
Spectrometers for Space Exploration

Ik-Seon Hong!, Yu Yi'?', Jingeun Rhee’, Nam-Seok Lee?,
Sung Won Kang?®, Seontae Kim?, Kyu-Ha Jang®, Cheong Rim Choi’,
Kyoung Wook Min®, Jongil Jung'

'Department of Astronomy, Space Science and Geology, Chungnam National University,
Daejeon 34134, Korea

Department of Astronomy and Space Science, Chungnam National University, Daejeon
34134, Korea

3Young In ACE Co., Ltd., Anyang 14081, Korea

“Korea Atomic Energy Research Institute, Daejeon 34057, Korea

>Department of Astronomy and Space Science, Chungbuk National University, Cheongju
28644, Korea

®Korea Advanced Institute of Science and Technology, Daejeon 34141, Korea

29

PejUtel A AR Hre|27t 2 A0l TYS JSo1EM Ol aky BARt 22 22|U2te| A
22 TN ARE 7|t 4 QU SIUCE PeUEt RFEAL BIIME SFEEC Z0[0|IMRE JHUE
O M22 STEA BAHIE /e 20| UL =2l0is RFEM A2 7EXe= Elld= &
HIZ ZFEM7IEUACH, A TS 719 22ty 22 S50 U2 712 245 St 43H 5
APIR| OFR2= iR RE2 EXAMOIH. SIXZ L2|L=okd LFHAZC= HEEAY| BRIANIE N
2ot TH0| gleb= YO=0| RFHAIS UH[6 /1S 2f=lof & 27t QT 0 &M =2/ &

=
TEAME ZEEAY| Bl ey gUE AME Y S8FS Mofoli=rt.

Abstract

As Korean first lunar probe, Danuri, succeeded in entering lunar orbit, Korean new space exploration
plans such as Mars exploration can be expected. Korean space exploration payload is developed only in

alimited field, so there is a need to create a new space exploration payload. In foreign countries, there
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is a mass spectrometer as a basic equipment for space exploration, and it is a very useful payload that
encompasses the exploration of life through the analysis of organic matter as well as the observation of
the atmosphere and volatile substances of the exploration target. However, Korea has never developed
a mass spectrometer payload for space exploration, so it is necessary to secure technology in
preparation for future space exploration. Before that, we look at the scientific achievements of foreign

mass spectrometer payloads for space exploration and identify trends.
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infrared imaging spectrometer for star formation history, NISS)7} AtH2-4]. 95 Sk~
oh 27 A= 95 TEE T g AR 57t Aol ofg Qlg-e/del gAstaL Qi
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ol29] o7 Bzl 4 ¥ 5 &% 548 AR A (retarding potential analyzer,
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(solid state telescope, SST)7F Utt. Q&4 ¥ & A%k ofgld} 159 LP, H&d
A} 150+ LP, electrostatic analyzer, SST, AMAt] A8 94 155 LP, RPA, SST, H&02A
o= SST, A9l = QM(small scale magnetospheric and ionospheric plasma
experiment, SNIPE)Oll= LP, SSTo|tt. 2F8AL gl o8] S(Korea pathfinder lunar
orbiter, KPLO)O| &A1E A&7 &2 1A= 2Klunar terrain imager), GA|oF HI7}
dl2Hwide-angle polarimetric camera), 20 £47](KPLO gamma-ray spectrometer),
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Fig. 1. History of mass spectrometer for space exploration [6].
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Table 1. Chronological table of mass spectrometer for space exploration

Launch
Joar Mission name Payload name Type Observation target
1972 Apollo 17 Lunar atmospheric Magnetic Moon
composition experiment sector
(LACE)
1975 Viking Gas chromatograph Magnetic Mars
mass spectrometer sector
(GCMS)
1978 Pioneer Venus Bus neutral mass Magnetic Venus
spectrometer (BNMS) sector
Orbital neutral mass Quadrupole Venus
spectrometer (ONMS)  mass filter
Venera 11/12 Venera neutral mass Venus
spectrometer (VNMS)
1981 Venera 13/14 VNMS Venus
1984 Vega 1/2 Dust impact mass ~ Time—-of-flight Venus, 1P/
analyzer (PUMA) Halley
1985 Giotto Neutral mass Magnetic 1P/Halley
spectrometer (NMS) sector
Particle impact analyser Time—of-flight
(PIA)
1989 Galileo Galileo probe mass Quadrupole Jupiter
spectrometer (GPMS)  mass filter
1995 Solar and Charge, element and  Time—of-flight Sun
heliospheric  isotope analysis system
observatory (CELIAS)
(SOHO)
1997  Cassini-Huygens lon and neutral mass ~ Quadrupole Satrun
spectrometer (INMS) mass filter
GCMS Quadrupole
mass filter
1998 Nozomi Neutral gas mass Quadrupole Mars
(failure) spectrometer NGMS)  mass filter
1999 Stardust Cometary and interstellar Time—of-flight 81P/Wild
dust analyzer (CIDA)
2002 CONTOUR Neutral gas ion mass  Quadrupole 2P/Encke,
(failure) spectrometer (NGIMS) ~ mass filter  73P/Schwassmann-
Wachmann,
6P/d’ Arrest
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Table 1. (Continued)

Li/l;r;(:h Mission name Payload name Type Observation target
2004 Rosetta Ptolemy lon trap 67P/Churymov-
Rosetta orbiter Magnetic Gerasimenko
spectrometer for ion sector
and neutral analysis
(ROSINA)
Cometary samplingand Time—-of-flight
composition (COSAC)
Cometary secondary ion Time-of—flight
mass analyser (COSIMA)
2008 Phoenix Thermal and evolved gas ~ Magnetic Mars
analyzer (TEGA) sector
2009 International Vehicle cabin lon trap Earth
Space Station atmosphere monitor
(1SS) (VCAM)
2011 Mars Science  Sample analysis at Mars  Quadrupole Mars
Laboratory (MSL) (SAM) mass filter
2013 Lunar NMS Quadrupole Moon
atmosphere and mass filter
dust
environment
explorer (LADEE)
Mars NGIMS Quadrupole Mars
atmosphere and mass filter
volatile evolution
(MAVEN)
2023 Jupiter icy Neutral ion mass Time—of-flight Ganymede,
(0Ix)  moons explorer  spectrometer (NIM) Calisto, Europa
(JUICE)
2024 Europa Clipper  Mass spectrometer for Time—of-flight Europa
1) planetary exploration
(MASPEX)
2028 ExoMars rover  Mars organic molecule lon trap Mars
(o1 &) analyzer (MOMA)
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2.2.1 19704 LY

SFEAE 237100 Aokt Al AEEAIR of2go] mEE {RIEAL 2EA
AFE0] T2 FPEALE 19729 vl=olA BARE §21 & HAM oFEE(Apollo) 172.9]
lunar atmospheric composition experiment(LACE)}2 magnetic sector BE]2] AE447]
2 A% B-EA-EE(Taurus-Littrow) ZA710] AX|=AKFig. 2). ¥l =gl
ot v 71A FF= £017] fIsl Wl ZFsE]loH, g AREe R oF 9UZt Hof| Bt
£ U2(Ne)& IZSIATHT]. S 270l 29 B 52t Ne £ HaPF g3 TA 3
AOE AAZANE, BE7FolA YT FA7F UERA] 2ot Dol Ne #3EE A5t
A2 7FokR] F2 A 0= LEPHTHS]

a0l A 197540l TARE 3 FAbARL Blel(Viking) 159 2271 Qlow, 27
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Fig. 2. Lunar atmospheric composition experiment (LACE) is installed together with other

equipment (Image credit: NASA).
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FEHe) P29 Fxrt F7koks 22 WAsIrH11. Hvl2KVenera) 1159t 123+
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49 AFH7E HSsto] of2E U4t & 52 WSSISITHI2L
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2.2.2 19804LH

2¥o] 198140f| ARG Venera 138, 143 Venera 11/125.9} 22 A=A 7|5 €A
sto] /39 ASH7IE BSsIoiTh of2L F91Y49 3% 7129 Pioneer Venus ¥4}
=220l EAX|7} YEA o] Aistes A7t ARATHI3L

H7HVega) 13, 25+ 19840 TALSH A3 0] ghaps oz HE|gAd(1P/Halley) ot 243
HAShE RS 7H oM, = A77F 22 g AR Aol BAMIES STl =3t
sto] 2744 di71E #53 Fof s 02 o 5sigint. HAE Ed47]= dust impact mass
analyzer(PUMA)E 14 ¥2|9] B84, 35Hd B4 w5st0] d14d9] 4 s 7t
HE i, B, Ha AT giRERl A dreWitH14,150.

A L E(Giotto)= 19859 &-H-2-F=HFuropean space agency, ESA)OA ZALE d2|5|A
FHE vty ST FARKIo|tHFig. 3). o] BARAolE particle impact analyser(PIA),
neutral mass spectrometer(NMS) & 719] AFEA7|7} gA= o] QJct. NMSE= d/d2] Znat
£ #Ssho] difE HO=E 450 e 2 ERisigion, o2 A9 Wiz S4v}
(bow shock) HPZ-Z H', UF= ©4(C), H,O", YARIEAN(COY), BHS) 5 22 FA&
o]250| EAsh= A& ERISIAIth PIAE 1i9] MAIE #5510l H, C, FAWN), Ax0),
25Na), PFIHEMe), TS, ZEREK), Za(Ca), B(Fe)s TAsIoH, 1 FolA H,
C, N, O7} 352t 2 ZRlskitHIol.

198949 wl=tollA IAbE 288 (Galileo)q= H4T AES BA: AFE 7L
o}, AFEA7] gAAE= Galileo probe mass spectrometer(GPMS)E £4 th7]19] 2] H
3t 2 FRlEA I B2 7] HEEE S A4S WSSt 7). S
E4d719] 4t S4a H(D/HE BEsto] 47 249 Al vlusgt A9, £ 25
oA BFAZL = AGS BEH T 459 W 5% 4 YA AP ALY Qi
A& ERIsHITHISI
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HMC 68 Image Composite
Comet Halley 14th March 1986

Fig. 3. A view of the 1P/Halley photographed by Giotto (Image credit: ESA).

2.2.3 19904 Ly

19954 u|=3} §o] 35 7Neste] TARH solar and heliospheric observatory(SOHO)
2 HFE S0l FARA o2 AFRAY] H@AAl= charge, element, and isotope analysis
system(CELIAS)Z E|E 74 28 ¥53h= 20| J3o|thFig. 4). CELIASE Het &
=5 7H Bg3olA Si, Ne, Mgl BS54 -du]el Heks d5siion, =9 |
TN FAL AT Haslks A EHsTHI9L

1997 AR FHAY -5 AA(Cassini-Huygens)= EA BAMKICE wl=o] 7idgt
Cassini EA #%Al, ESAZF 70 &St Huygens Elo|EH(Titan) &4 & T 719) 5408
TFA=0] ot AFEA7] Cassini®ll A€ ion and neutral mass spectrometer(INMS)©]
ok 3 522 golgt 13719 1 2 9 EAO] A EtAntete] Ao Ag 24
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Fig. 4. The charge, element and isotope analysis system (CELIAS) instrument for solar and

heliospheric observatory (SOHO) (Image credit: ESA).

o|tH20]. INMSE Eto[gte] 37| E HSsto] FH9] Bt 2% H3kE IS, 3
o] 91 53 ATTATE JeRHA] Y= ZO0F Hot efo|gte] G Yo JPH= B
49] Eetaut g7ge] 3ol § A& IHsteirt21,22].

L21(Nozomiks 19989 DolA HARE 3] Ao AFRA7] neutral gas
mass spectrometer(NGMS)S EA5}11L Q). H|E Mo EEskA] F3f Alufjst AF7} &
QAR SR The oA T P AeIA 2 AeF WE(coronal mass ejection)
WE5H= S WrH23)

19994 ml=ofl A TARE ABFHAE (Stardust)= /g 81P/WildWild 2)9] Al=E &S}
o] A2 A&ste TS 7 GAKICE cometary and interstellar dust analyzer(CIDA)
2= AFEA7|E Aok Aot CIDAE Wild 2 34 #=3t 23 471848 HAdS
H0t ofyz} Lpolel A 91| Fol thE sl date] Sk fAMdS ERlstairt24l.

2.2.4 20004} O]

o=l A 200290 HARE EE0(CONTOUR)E 3719 1S Zato] Ho|(fly by)steAl
/9] S HAlol= ARE 7H gARA O E AFFHEAT] neutral gas ion mass spectrometer
(NGIMS)E EAot Ut BE 1442 2P/Encke, 73P/Schwassmann-Wachmann, 6P/
d'Arresto]™ §l/d o 2HH ¥ 100 km WollA HIFIITH25). SRR YA Agto g
A3 A= Aufstt

2004 AR BSAS] ZAEHRosetta)y= 34 67P/Churyumov-Gerasimenko BHAR1C.
2 2541 9| (Philae)s ZFTITE. Fig. 5= Rosetta’t Y3 5144 9] goltt. o] gAbAo
= 71&9] b SAMTE 2 F Yl /Y] 717 e, A 271, A0 2
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Fig. 5. Comet 67P/Churyumov-Gerasimenko by Rosetta (Image credit: ESA).

718 FA =] At Rosetta A=Al G2 AeFEA]7] 0182 Rosetta orbiter spectrometer
for ion and neutral analysis(ROSINA), cometary secondary ion mass analyzer(COSIMA),
2240 Philaeo] "AE FEA7|= Prolemy, cometary sampling and composition
(COSAC)eIt. ROSINAE 13 th7]19F Mol s, 4, 4 4 2 7149
259 A &% 55 J&éoP‘ XS 7ML QIEH26]. 1AL S Aute] iy B
= = S X 2|0 w2 —Ev— ApolE Hstglon, s %(_9}
o ogt Hog —rﬂo}‘ﬂ‘:} 271 Ot 3 24 5 Y 40 $549] H(D/Hye S4t

T gHtolA 2 Ael7t glee Tkl sl B Asjel Adgle] 22 F Rl
22 B4 7S B8] ot 29 A4 SR vIE ESSto] 49 =] B
Z719] YA B2 A FRIstATH29l. COSIMAE alid dAe] 4 F/3E BAoke B3

71301 39 Zuprt obd IAVdeEie] sl UAF D/HE 853t A7) SRk
D/H7P A B A 0] FHolM Theeidis D/HEH: W2 AS T35t
8ol &2 HIA 27191 A Aoz HIFAH31] EL S0l EASks #

8’ Ao dht 77to] sEfske A wAstReH, HidA A B 2719 2EsE &
SH A 32].
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ZF2A Philaeo] BAIE Ptolemy= 31439 CO/CO, HES H=3190=d FutsE B=3t
ROSINAZ} #&3F it W2 AS IsIglon, o] Aol i o 25 e Ao ug Fnf
W] CO/CO, Hl& WPt ofd slid 39 o] d/dE Uetl= A 2= o AZITH33]. COSACE
S YARFE S tFE Hote 12709 771 EAES EHstalen, 7] HEA
oAFE ZAotd EEEE BIEJATH34].

20089 HARE w59 3YA(Phoenix= MY AFACR AFEA7] thermal and
evolved gas analyzer(TEGAYE ©AISIL St TEGAE 339 ti71E #=5to o9 CO,
£ gAstyon, 1 7Y sl EYOl fU1E9l A ERIsATH35,36].

24| 925 A A*Hinternational space station, ISS)°= AFEA 7] vehicle cabin atmos-
phere monitor(VCAM)©] 2009FE +F= 1L ot SFUE9] 747 &1 Aol ZA%
W 37142 mefehs 2ol 408 AFkE AXH A7 & FAgle] =L et
[371.

Mars science laboratory(MSL} 2] Q A|E](Curiosity)2= 18 7FX 1L 2011¢ ©]=
oA HAE 3Hd gAF 2jo]r, AFEA7]|= sample analysis at Mars(SAM)E BA5kL
UTHFig. 6). SAMZ 39| ti7| A&} FHAA 7| Yok Y EF IS5 HHo= of
I QIH38). 3M39] ti71E w5 Ay} A 5949 vl A Vikingd] BEAe A
o7} gl A= ERISHATHRIL. ETH of2HAr) 5-HYA HIE SH5t0] AFolA daE=
My 2AE0] FEE sl 71Het AL FRISIATHA0L ATkt 2Hd 719k HEO)A
et 22 f71E% SHstirh41l

20139 vl=toll A ¥ARE lunar atmosphere and dust environment explorer(LADEE)=
g AzAoRE & #H 50 km A3 BIFSHAA], AFEA7] NMS7H Hi§- s]Hlet 2o of
71= Ar Heol & FH/39AQ1 A SRSt on, B BEAUAIE W Hkof wet +
AEEY Rt deRs dHsE BEsto]l g9 diy] o] gt B4 et
[42,43].

LADEES} 22 ]9l 20134 u]=ollA] ¥ARE Mars atmosphere and volatile evolution
(MAVEN)Z 3Md Alesloz kA7) NGIMSE sHd 15t719) 29k +4E dotd
& Zlo] Z3xo|thFig. 7)[44l. M3 St A7) ofsf tf7] EEE0] $5E EESH
==t NGIMSE @#2 #5s5t0] Hidgsol W ti71ed9] Hapt vehv= 2 3
SkATHAS]. EZE CO, N, Arg HEoto] 3 G0l 9] 42 SFHgravity wave)E H4
stolom, g 13719 7HEdy W7t Sof ek ©AE dofwlitH4ol

/ __ SAMinlets

(instrument
inside rover)

Fig. 6. Sample analysis at Mars (SAM) in Mars science laboratory (MSL) (Image credit: NASA).
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& NGIMS
| v ¥ IUVS -

Fig. 7. Neutral gas and ion mass spectrometer (NGIMS) on Mars atmosphere and volatile
evolution mission (MAVEN) [44].
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FEX7]= mass spectrometer for planetary exploration(MASPEX)7} €A Elth. ESAS] 2
AFRA(ExoMars) AlE 339 AEAE FAbols dF=E 12 HAR= 2016W0] o] FoiA
o, 20284 7421 24} HAtofl= AEA7] Mars organic molecule analyzer(MOMA)7}
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